INTRODUCTION 24
The Nankai Trough is one of the most studied subduction zones in the world and delineates an active, 25 seismogenic convergent margin under which the Philippine Sea Plate is being subducted under the Amur 26
Plate at a variable rate of 2 to 6.5 cm/year (Miyazaki and Prism (NAP) being no exception (Wang and Hu, 2006) . These two theories suggest a transition between a 35 highly compressional outer wedge and a less compressional and moderately seismogenic inner wedge. As a 36 result, Wang and Hu (2006) described the outer wedge of the NAP as comprising a series of imbricate thrust 37 faults (i.e. reflecting a zone of low shear strength), while the inner wedge forms a zone of accreted sediment, 38 normally acting as a backstop. The inner wedge of the NAP is characterized by the absence of active 39 8 trending above the MSFZ. The same authors postulate that strike-slip and extensional structures are found in 160 both core and regional seismic data. 161
In the Muroto Transect, outside our study area but still in the NAP, Huffman and Saffer (2016) showed 162 similar results and interpretations to the authors previously mentioned. Stress states at the toe of NAP are 163 likely associated with strike-slip or thrust faults across the active Frontal Thrust Zone down to a depth of 164 ∼800 mbsf. The uppermost 300 mbsf are near thrust failure, where σ Hmax > σ v . However, Huffman and Saffer 165 (2016) conclude that the stress state in the upper 300 mbsf changes into a normal faulting regime at depth, 166
where σ v > σ Hmax . These authors recognize the large uncertainties associated with the parameters used in their 167 stress analysis. 168
It is important to highlight that limitations such as the depth and location of the boreholes, and conditions in 169 which data were acquired, can influence the analysis of regional stress states. Nevertheless, there seems to be 170 an overall consensus that the NAP is a compressional structure currently dominated by shallow normal ( affecting deeper strata, but the lack of deep measurements does not allow definite conclusions about the 174 stress field and deformation styles operating at depth, and on the relationship between the shallow and deep 175 settings of the NAP. Furthermore, it is clear that strike-slip is an important deformation style within the NAP 176
that is yet to be characterized in detail. 177
Against this backdrop, three-dimensional interpretations of stress magnitudes and tensors along the NAP are 178 not unequivocal at some drilling sites. Furthermore, stress field studies have not been performed in the outer 179 wedge of the NAP due to the lack of borehole data in this region, and at higher depths within the inner wedge 180
(below the sediment cover of the Kumano Basin). This means that extrapolations based on few localized 181 wells in the MSFZ and inner wedge are not fully reliable, and a detailed analysis of 3D pre-stack depth9 migration (PSDM) seismic data from the outer wedge of the NAP can be crucial to understand its structural 183 and stress evolutions. 184 185
Seismic stratigraphy 186
Most lithological information acquired in the NAP derives from core and well-log data gathered by the 187 NanTroSeize Project. IODP Sites C0018A (Figs. 1, 2B and C) and C0006 (Fig. 1A) In the inner wedge of the NAP, the presence of an overlying forearc basin (Kumano Basin), and underlying 216 thrust-and-fold accretionary prism, agrees with the stratigraphic units defined by IODP Expeditions 315 and 217 316. However, slope sediments are relatively thin and dis-continuous in the outer wedge of the NAP, having 218 been removed by erosion at places (Van Tuyl et al., 2015) . This means that Unit I may not exist in most of 219 the outer wedge. Furthermore, it is difficult to characterize the strata inside the outer wedge of the NAP due 220 to the lack of borehole data crossing the complex, folded sequences that form this same prism. In the study 221 area, 3D seismic data show that the accretionary prism should be divided in several tectono-stratigraphic 222 units instead of being classified as Unit II and Unit III (Fig. 2B) . 223
As the focus of this work is the structural interpretation of the outer wedge of the NAP, we used published 224 information on Unit I (due to the extensive core/log data acquired in this latter) to propose an adaptation of 225 the tectono-stratigraphic division of the outer wedge of the NAP in Park et al. (2010) . In our work, the upper 226 part of Unit A comprises the overthrusting package that includes Unit II. Unit B is the Low Velocity Zone 227 accretionary prism ( Figs. 2A and B) . The deepest unit in the study area corresponds to subducted oceanic 229 crust in which seismic resolution is significantly lower. 
STUDY AREA AND METHODOLOGY 242
The study area is located in the southeast coast of Japan, just off the Kii Peninsula, within what is known as 243 the Kumano Transect (Fig. 1A) . In this transect, a 3D pre-stack depth migrated (PSDM) seismic volume was 244 acquired across the Nankai continental slope as part of the Nankai Trough Seismogenic Zone Experiment 245 (NanTroSEIZE) (Figs. 1B and 1C) . The study area comprises the southern half of the acquired 3D PSDM 246 being shallower in the outer wedge than in the inner wedge, and clearly related to the thickness of overlying 285 slope sediment (Unit I). Therefore, in order to classify the different families of faults in terms of length and 286 depth they reached, we consider shallow structures as affecting the uppermost part of the NAP (Units A and 287 B), and deep structures as those propagating from the décollement, intersecting the décollement, or offseting 288 Unit C and oceanic crust. 289
Seismic attribute mapping provides the basis for statistical analyses of geometry, kinematics and dynamics of 290 the main faults in this work (Fig. 3) . The strikes of thrusts and conjugate sets of strike-slip faults were 291 measured prior to the estimate of stress and paleostress fields from dihedral angles (Hancock, 1985) . This 292 latter estimate provided the basis for our structural analysis, allowing the 3D mapping of small-and large-293 scale faults and fractures, and detailed descriptions of their geometry, kinematics and dynamics. Our 294 slip) displacements, together with quatitative analyses of fault dips. 296 297
STRUCTURAL ANALYSIS 298
The Imbricate Thrust and Frontal Thrust Zones chiefly comprise NE-striking thrusts formed by horizontal 299
shortening, dipping to the NW (in-sequence) or SE (out-of-sequence and back-thrusts) (see Moore or offset other faults with different trends (Fig. 4A ). Yet, the deep and large-scale thrusts do not seem to be 317 affected by the same structures ( Fig. 4A and C) . Whether the deep thrusts are older structures displaced by 318 younger faults with different trends, or these younger faults propagate from deeper thrusts, is a point under 319 discussion as we cannot ascertain clear cross-cutting relationships among all interpreted structures. Either 320 way, the observed geometries suggest that faults are diachronous; the larger, deeper thrusts moved before and 321 after the time of formation of the remaining faults with different trends. 322
The deep thrust faults root in (or start from) the décollement, usually at a depth between 6.5 and 8 km, only 323 intersecting it in the frontal part of the NAP ( Fig. 2A-B ). In addition, the deep thrusts usually show synthetic 324 (but shallow) thrust faults and antithetic back-thrusts ( Fig. 2A-B, 4A and 4C) . 325 326
WNW-to E-W-trending faults (shallow-deep) 327
One of the most striking features in the NAP is the steeply dipping WNW-trending F1 fault (azimuth: 110° -328 115°), a structure ~8 km long and ~3km high, at places intersecting the basal décollement and subduction 329 channel (Fig. 1, 3A -C and 4B-C). The geometry and dip direction of F1 are not constant, suggesting linkage 330 of WNW-trending faults during its formation. Fault F1 displaces the majority of thrust anticlines imaged on 331 seismic data and exhibits a right-lateral strike-slip movement in map view ( Fig. 1 and 3A-C) . In contrast, 332 vertical seismic profiles reveal normal throws for this same fault (Figs. 4B-C ). Its NW tip shows multiple 333 faults with similar trends and slip directions (Fig. 3A-C and 4B) . It is not possible to define if these minor 334 faults are branching out of a deeper fault, or if they reflect a highly deformed zone near the sea floor as 335 revealed by the presence of several minor faults (Fig. 4B) . Nevertheless, the SE tip of F1 splays out in 336 several branching faults that join or stop against other thrusts (Fig. 3A-C) . Similar fault geometries to F1have been described as negative flower structures in which the horizontal component is dominant (Harding, 338 1985) . 339
The F1 fault separates two distinct structural domains: (1) a domain to the N where left-lateral slip 340 predominates, and (2) a domain to the S where right-lateral motion is significant (Fig. 3C) . At a smaller 341 scale, there are structures with similar kinematics to F1, trending WNW-ESE to E-W (azimuth: 85°-115°), 342 with variable lengths (Fig. 3A-C) . These structures comprise a range of pure strike-slip to oblique-slip faults. 343
Their normal slip component (Figs. 3 and 4) can result from normal (dip-slip) movement or comprise an 344 apparent displacement associated with strike-slip motion. The variable throw values recorded, usually 345 increasing toward the surface, together with contrasts between total offset and its bathymetric expression 346 (Fig. 3D) , indicate that the observed normal slip can be an apparent slip from right-lateral faults intersecting 347 an inherited fold-and-thrust structure dipping to the NW (Fig. 4C) . Furthermore, trend-parallel horizontal 348 offsets are much larger than fault throws, up to a factor of 2 to 3 (Fig. 3C-D 
NNW-to N-trending faults (predominantly shallow) 357
In the outer wedge of the NAP there are several NNW-and N-trending structures (azimuth: 345°-10°) 358 dipping toward the W or sub-vertical, rarely reaching the sea floor (Fig. 3A-C and 4) . These faults normallyexhibit a left-lateral strike-slip motion, and a variable normal throw (Fig. 3C) . Faults trending N to NNW 360 show variable lengths but usually occur in thrust anticlines, rarely extending into their adjacent synclines. 361
Their vertical extension is variable, from a few meters to hundreds of meters, seldom affecting the sea floor. 362
In some cases, similar structures are observed on both the hanging-wall and footwall of major thrust faults, 363 intersecting some of the deeper thrusts in the NAP (Fig. 4A and C) . 364 were also mapped in this work. These deep structures normally show a larger complexity in their geometry 377 and kinematics (Figs. 2B, 6 and 7) . According to Tsuji et al. (2013) , some of the deep faults imaged on 378 seismic data are inherited structures from Philippine Sea Plate's oceanic crust. These inherited structures do 379 not only control the thickness of the accretionary prism, but also its structural framework. These structures 380 include active intra-oceanic thrusts (Fig. 2B) and some strike-slip faults resulting from lateral movement atthe edges of the thicker parts of the NAP. In the outer wedge of the NAP, these intra-oceanic thrusts willDespite their larger structural complexity, deep structures show similar trends to features observed in the 385 NAP, especially when referring to strike-slip fault families (Fig. 6) . It is equally important to highlight that 386 these deep structures reach depths larger than 6 km below the sea floor, rooting at and displacing the 387 décollement and underlying units. Some of these structures show relative displacements that do not laterally 388 or vertically agree with a pure extensional or compressional regime of deformation (Fig. 6) . Thus, only a 389 strike-slip or a combined regime of deformation can justify such a displacement pattern. This combined 390 regime often generates distributed deformation zones in which strike-slip motions may not be the same as the 391 regional strike-slip movement (McKenzie and Jackson, 1986). In addition, branching and splaying of deep 392 structures are observed and increase upward, resulting in a continuous decrease in the displacement of these 393 splays/branches and, consequently, in a shallower chaotic zone of fracturing that rarely offsets the sea floor 394 (Fig. 6) . The fact that these branched faults (and fault F1) reach the sea floor, suggests they may be active or 395 were recently active. 396
As previously discussed, fault F1 is a deep fault that roots in the décollement or in deeper strata. However, 397 the near-seafloor extension of this fault seems to vary along strike (compare Fig. 4C and Fig. 6 ). In Fig. 4C,  398 which is located a few kilometers NW from Fig. 6 , we observe a sharp fault F1 cutting through the outer 399 wedge of the NAP, reaching the sea floor without any major branching or splaying (see also Fig. 6 ). This 400 geometry can be related to differential movement of different sets of the minor faults that compose fault F1, 401 or to the geometrical interaction between this and other faults, such as fault F2 (Fig. 3) . 402
Significant displacement is observed in Unit C in other areas of the outer wedge of NAP, in addition to thethe décollement are folded and fractured, Unit A usually presents a much greater deformation and structural 406 complexity (see Tsuji et al., 2013) . 407
In Fig. 7B two faults Therefore, the outer wedge of the NAP is being affected by two main families of strike-slip faults; WNW-424 trending to E-W right-lateral faults, and NNW-to N-trending left-lateral faults. Their spatial distribution isdisplacement (120-600 m) is two or three times larger than dip-slip displacement (< 40 m), (2) fault throwsare variable in both its magnitude and nature of movement, and (3) normal slip in faults does not have the 428 same expression on the sea floor, lead us to consider these structures to be strike-slip faults (Fig. 3) . We 429 interpret that most of the normal slip observed is an apparent slip developed in a fold-and-thrust sequence 430 dipping to the NW, itself affected by strike-slip faulting with significant lateral motion (Fig. 4) . Lateral 431 movement is particularly noted on structural maps, where the WNW-to E-W trending and the NNW-to N-432 trending strike-slip faults are conjugate (Fig. 3) . 433 There are several structures that follow the same orientation as these conjugate strike-slip faults, but without 443 revealing lateral slip. These structures are relatively shallow and exhibit small normal slips to no dip-slip 444 displacement (Figs. 4C and 5) . Also, they do not have any bathymetric expression. These latter structures can 445 result from one of two scenarios: (1) blocks bordered by well-developed strike-slip faults experienced some 446 torsion/rotation that is accommodated by extension, (2) accommodation of lateral movement in blocks 447 bordered by strike-slip faults is no longer possible, or is significantly hindered, with new strike-slip orsimplified to a mean azimuth so we could apply a dihedral angle method (Hancock, 1985) to interpret the 473 maximum horizontal stress or paleostress responsible for the structures described in this paper. We recognize 474 this latter method as simplistic, but still comprising a valid approach for determining the principal stresses at 475 the time of failure. According to Hancock (1985) , an extension fracture is initiated perpendicularly to σ3 in 476 the principal stress plane containing σ1 and σ2, and conjugate hybrid or shear fractures enclose an acute 477 bisector parallel to σ1 (Hancock, 1985) . When applying this method, we used two-dimensional strike data 478 from attribute seismic maps and, as a result, we only estimate the maximum horizontal stress. 479
The mean azimuth of the NE-trending thrusts and back-thrusts is 50°. If we were to consider a pure 480 compressional regime for the formation of the NAP, we would infer a maximum horizontal stress trending 481 perpendicularly to this fault family, i.e. 130°. However, as previously discussed in this work, the NAP 482 accretionary prism is characterized by a dominant strike-slip fault regime arranged in a conjugate geometry, 483 where one of the families (NNW-and N-trending) has a mean azimuth of ~357.5° and the other (WNW-ESE 484 to E-W trending) has as a mean azimuth of ~100°. The calculated bihedral/bisector (θ) angle of this conjugate 485 system is ~38.75°, a value that is larger than the 30° generally defined by the Anderson's Theory (Anderson, 486 1905 ). How-ever, Anderson (1905) and Hancock (1985) meaning that the calculated mean azimuth for the maximum horizontal stress can also be influenced by this 500 angular relationship. 501
The minor difference between the azimuths inferred from NE-trending thrusts, and the strike-slip conjugate 502 system, can be related to: (1) a minor rotation of the stress field due to either progressive de-formation or 503 alternating seismic and inter-seismic periods, as suggested by Wang and Hu (2006) , or (2) related to the 504 existence of a pre-existing NE-trending structures in the anticlines and (deep) structures inherited from the 505 subducting Philippines Sea Plate (Tsuji et al., 2013) . In this latter case, deep structures may have controlled 506 the strain accommodation and stress response within the NAP, particularly when strike-slip becomes the 507 favored regime of deformation. 508
It was not possible to calculate the exact azimuth of the convergence vector in the study area, but our analysis 509 still provides a mean azimuth for the maximum horizontal stress. Despite the high probability of a σ Hmax 510 parallel to the convergence vector between the Amur and the Philippine Sea Plates, we must assume they do 511 not match. We must also assume that any mismatches between the calculated azimuth for maximum 512 horizontal stress, and the azimuth for the convergence vector, may be due to structural complexity in the 513 NAP or angular errors associated with our geometric analysis -which was purely based on the interpretation 514 of 3D seismic data. Structural complexity is related to the diffuse accommodation of strain in the outer 515 wedge of the NAP, caused by the presence of inherited deep structures (Tsuji et al., 2013 ) that control the 516 deformation in the upper part of the outer wedge, even with a main convergence vector of azimuth 120°-517
125°. 518
We recognize that our estimations for the stress state in the outer wedge of the NAP represent a past average 519 stress state. However, the fact that some of the strike-slip faults offset the sea floor, and that strike-slip and 520 thrust faults mutually intersect and offset each other, suggests that this stress state may still be active. Such a 521 postulate implies that the outer wedge is not experiencing a period of coseismic relaxation and, instead, is 522 being compressed by possible aseismic slip of subduction faults (Wang and Hu, 2006) . 523 524
Deformation styles in the outer wedge of the NAP and comparison with other accretionary prisms 525
In the Kumano Basin, Moore et al. (2013) identified four populations of normal faults in strata overlying the 526 NAP. They share similar trends to faults interpreted in this paper (Figs. 9A-B) . Phase 1 normal faults 527 correspond to our NE-trending thrust and back-thrust faults, whereas phase 2 and phase 3 normal fault 528 populations respectively match the orientation of NNW-to N-trending left-lateral strike-slip faults and 529 WNW-trending to E-W right-lateral strike-slip faults. This character suggests that normal faults generated in 530 the sediment cover of the NAP, and in Kumano Basin sediment, can be the near-surface expression of 531 gravitational collapse or local adjustments from structures active at deep levels, imposing anisotropic 532 conditions in both the inner and outer wedges of the NAP. Similar syn-sedimentary normal faults have been 533 described for the Makran accretionary prism as responding to prism overthickening caused by underplating 534 (Platt et al., 1988) . 535
According to Boston et al. (2016) , the inner wedge of the NAP inherited a pre-existing structural framework 536 that is chiefly composed of thrusts similar to those interpreted in the outer wedge. Compression remains the 537 main deformation style operating in the NAP. The structural data collected by Boston et al. (2016) in the 538 inner wedge also agree with the trends of structures and fault families in this work; the majority of the 539 structural data in Boston et al. (2016) correlate with our synthetic thrust faults. The few deep structuresidentified by Boston et al. (2016) are geometrically related to our strike-slip families (Fig. 9A and C) . work, and variations in strikes and faulting regimes can be entirely related to strain partitioning from the 545
Frontal Thrust Zone to the inner wedge or related to the MSFZ. This interpretation suggests that structures 546 across the NAP somewhat reflect the same tectonic setting, but result in different structural expressions 547 depending on the local geological and physical conditions. In the outer wedge, there is no evidence for a 548 dominant extensional deformational style, especially when considering that all normal faults are small and 549 follow the same trend of deeper strike-slip (and thrust) faults. Instead, evidence points toward the co-550 existence of both compressional and strike-slip styles of deformation. 551
Cross-cutting relationships between strike-slip faults and thrusts are not always easy to observe due to the 552 NAP's structural complexity and poorer seismic resolution at depth. However, structural data in this work 553 suggests a primary fold-and-thrust framework that is later intersected by relatively recent thrust and strike-554 slip structures. The chronology between these latter strike-slip and thrust faults is not conclusive as they seem 555 to have been reactivated simultaneously: 1) as a con-sequence of a transpressional regime, where both 556 thrusting and strike-slip faulting coexist, or 2) due to alternations between co-seismic and inter-seismic 557 periods favouring the generation of thrusts and strike-slip structures in discrete tectonic pulses. 558
We favor the first hypothesis above due to the fact that a transpressional regime, in which both thrusting and 559 strike-slip can develop, corroborates the information discussed in Section 5.2. Furthermore, the chronological 560 order proposed by Moore et al. (2013) for the normal fault populations in the Kumano Basin matches the 561 postulate of an initial fold-and-thrust regime followed by a transpressional regime where thrust and strike-562 slip faulting coexist, similarly to what is observed in the Shumagin region of the Aleutian Trench (Lewis et
and Makran accretionary prism, where Lewis et al. (1988) and Platt et al. (1988) proposed three evolution 565 stages: (1) folding along an axis perpendicular to the plate-convergence direction in the region, (2) thrust 566 faulting in the direction of plate convergence, and (3) oblique strike-slip faulting along conjugate right-lateral 567 and left-lateral faults. These conjugate strike-slip faults clearly post-date the initial fold-and-thrust geometry 568 in both the Aleutian Trench and off-shore Makran, but evolved simultaneously with the major thrusts in the 569 later stages of tectonic shortening. This suggests some overlap between the stages 2 and 3 previously 570 described. 571
Some of the strike-slip faults in the study area (mainly fault F1) are associated with deeper inherited 572 structures affecting the décollement (Tsuji et al., 2013) . Most of the left-lateral NNW-to N-trending strike-573 slip faults are confined within the thrust anticlines and can be associated with a flat-and-ramp setting, where 574 the lateral component of the oblique displacement of thrusts (flat) is transferred as left-lateral dis-placement 575 in strike-slip faults (ramp) (Platt et al., 1988; Cunningham, 2005) . 576
The presence of negative flower structures, when considered together with the branching of faults on seismic 577 and attribute data ( Fig. 4B and 8) , suggests the occurrence of a transtensional regime (Sanderson and 578 Marchini, 1984). As faults are very localized, and no major normal faults are observed in the study area, we 579 interpret transtension as a consequence of the accommodation and partitioning of all transpressional 580 deformation in the outer wedge of the NAP. The fact that there are no major normal faults within the outer 581 wedge of the NAP, and that strike-slip is more common, indicates that strike-slip faulting is still 582 accommodating the shortening of the outer wedge of the NAP, and that the maximum horizontal stress is, in 583 fact, the direction of maximum compression (σ1) for the study area (Fig. 9A) . 584 thrusting and a secondary, but still important, strike-slip faulting regime. In particular, the study area is 588 affected by three major types of structures: (1) a regional fold-and-thrust setting of synthetic thrusts, 589 antithetic thrusts and corresponding anticlines; (2) localized conjugate families of strike-slip faults 590 comprising left-lateral NNW-to N-trending faults and right-lateral WNW-to E-W trending faults. Within 591 this latter family there is a major regional right-lateral strike-slip fault (F1) that separates two different 592 structural domains. This strike-slip fault is associated with pre-existing structures affecting the décollement 593 and the upper part of the outer wedge. 594
Maximum horizontal stress inferred from structures interpreted on seismic data is geometrically close to the 595 convergence vector between the Eurasian and Philippine Sea Plates. Despite being clearly associated with 596 past average stresses, maximum horizontal stress in the outer wedge may still represent the main direction of 597 shortening in the NAP which is, at present, accommodated by strike-slip faults. In this rapidly evolving 598 accretionary system, convergence was initially responsible for widespread compression in the NAP and 599 formation of a fold-and-thrust setting, which progressed into a transpressional regime with thrust and strike-600 slip faulting occurring simultaneously, or in alternation. There is no evidence for a dominant extensional 601 regime, or a transition from a shallow extensional regime to a deeper compressional or strike-slip regime. 602
Extensional structures and stress decoupling are only visible in regions with significant sediment cover, thus 603 comprising the superficial expression of deeper transpressional tectonics or localized areas of larger 604 structural complexity. The recognition of a transpressional regime operating in the outer wedge of the NAP at 605 present has a significant impact in the stress distribution and consequent accommodation of strain offshore 606 Dark grey -range of strikes of NE-trending thrust faults; Blue -range of strikes of NNW-to N-trending left-lateral strike-slip faults. Orange -range of strikes of WNW-to E-W trending right-lateral strike-slip faults.
